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METHOD AND APPARATUS FOR INJECTION 
MOLDED FLIP CHIP ENCAPSULATION 

BACKGROUND OF THE INVENTION 

5 

This invention relates to an improved method for encapsulating and 
reinforcing the electrical interconnections between an integrated circuit 
chip and a substrate. It also relates to an integrated circuit chip 
assembly produced by said method. 

10 

An integrated circuit chip assembly generally comprises an 
integrated circuit chip attached to a substrate, typically a chip carrier 
or a circuit board. The most commonly used integrated circuit chip is 
composed primarily of silicon having a coefficient of thermal expansion of 

15 about 2 to 4 ppm/°C. The chip carrier or circuit board is typically 

composed of either a ceramic material having a coefficient of thermal 
expansion of about 6 ppm/°C, or an organic material, possibly reinforced 
with organic or inorganic particles or fibers, and having a coefficient of 
thermal expansion in the range of about 6 to 50 ppm/°C. One technique 

20 well known in the art for attaching the chip to the substrate is flip chip 

bonding. In flip chip bonding, a pattern of solder balls, usually having 
a diameter of about 0.0 02 to 0.006 inches, is formed on one surface of the 
integrated circuit chip, fully or partially populating the active chip 
surface with interconnection sites, A matching footprint of solder 

25 wettable terminals is provided on the substrate. The integrated circuit 

chip is then placed in alignment with the substrate, and the chip to 
substrate connections are formed by ref lowing the solder balls. During 
operation of an integrated circuit chip assembly, cyclic temperature 
excursions cause the substrate and the integrated circuit chip to expand 

30 and contract. Since the substrate and the integrated circuit chip have 

different coefficients of thermal expansion, they expand and contract at 
different rates causing the solder ball connections to weaken or ev6in 
crack as a result of fatigue. To remedy this situation, it is common 
industry practice to reinforce the solder ball connections with a 

35 thermally curable polymer material known in the art as an underfill 

encapsulant . 

Underfill encapsulants are typically filled with ceramic particles 
to control their rheology in the uncured state, and to improve their 

40 thermal and mechanical properties in the cured state. Underfill 

encapsulants have been used widely to improve the fatigue life of 
integrated circuit chip assemblies consisting of an integrated circuit 
chip of the flip chip variety attached to a substrate comprised of an 
alumina ceramic material having a coefficient of thermal expansion of 

45 about 6 ppm/°C. More recently, integrated circuit chip assemblies have 
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been manufactured using substrates comprised of a reinforced organic 
material having a composite coefficient of thermal expansion of about 
20 ppm/°C. 

5 The underfill encapsulation process is typically accomplished by 

dispensing a liquid encapsulant directly onto the substrate at one or more 
points along the periphery of the integrated circuit chip. The 
encapsulant is dravm into the space between the integrated circuit chip 
and the substrate by capillary forces, and forms a fillet around the 

10 perimeter of the integrated circuit chip. The diameter of the filler 

particles in the encapsulant is typically smaller than the height of the 
space so that flow is not restricted, with typical encapsulants having 
viscosities of about 10 Pa-s at the dispense temperature. Once the 
underfilling process is completed, the encapsulant is heat cured in an 

15 oven. Cured encapsulants typically have coefficients of thermal expansion 

in the range of 20 to 40 ppm/°C and a Young's Modulus of about 1 to 3 Gpa, 
depending on the filler content and the type of chemistry. Depending on 
the materials the integrated circuit chip and the substrate are composed 
of, it may be desirable to further alter the cured properties of the 

20 encapsulant. However, the requirement that the encapsulant have low 

viscosity in the uncured state so that it flows readily into the space 
between the integrated circuit chip and the substrate severely restricts 
the formulation options. For example, the addition of more ceramic filler 
would result in a lower coefficient of thermal expansion, but would cause 

25 an increase in the viscosity of the uncured encapsulant. Furthermore, 

even with the use of underfill encapsulation, fatigue life of an 
integrated circuit chip assembly is shorter when the integrated circuit 
chip is interconnected to an organic substrate as opposed to a ceramic 
substrate due to the greater mismatch in thermal expansion between the 

30 typical integrated circuit chip and organic substrates. 

Also known in the art is a method wherein a package body is fotmed 
around the perimeter of the flip chip using a two step process. First the 
integrated circuit chip assembly is underfilled as described above. Next, 
3 5 a package body is formed around the perimeter of the integrated circuit 

chip using a molding process. 

The prior art also suggests a process wherein additional 
reinforcement is achieved by forming a package body around the integrated 

40 circuit chip assembly using a single step operation. In this process, a 

large opening of about 5 0% of the size of the integrated circuit chip is 
formed in the substrate under the integrated circuit chip. This approach 
essentially eliminates the space between the integrated circuit chip and 
the substrate that is typical of a conventional integrated circuit chip to 

45 substrate interconnection, but has the drawback of limiting the active 
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surface area of the integrated circuit chip that can be utilized for 
forming interconnections because only the perimeter of the active surface 
of the integrated circuit chip can be used. 

5 It is an object of the present invention to provide a method of 

encapsulating and reinforcing the electrical interconnections of an 
integrated circuit chip assembly which allows the use of highly viscous 
encapsulating materials and eliminates the need to use different 
encapsulating materials for underfilling and overmolding. It is also an 

10 object of this invention to provide a method of encapsulating an 

integrated circuit chip assembly which enables simultaneous underfilling 
and overmolding without reducing the active interconnection area of the 
integrated circuit chip or substantially altering the substrate design. 
Another object of this invention is to provide an integrated circuit chip 

15 assembly having a reinforced electrical interconnection which is more 

resistant to weakening as a result of stress created by the differences in 
coefficient of thermal expansion between the integrated circuit chip and 
the substrate. 

20 SUMMARY OF THE INVENTION 

This invention provides an improved method for encapsulating and 
reinforcing the electrical interconnections of an integrated circuit chip 
assembly according to claim 1. The invention allows for encapsulating the 
25 solder ball interconnections of an integrated circuit assembly which 

accommodates the use of high viscosity encapsulating materials and allows 
simultaneous underfilling and overmolding; and eliminates the need for a 
dam to contain flow. In accordance with the preferred embodiment of this 
invention, an integrated circuit chip assembly comprised of an integrated 

3 0 circuit chip mounted on a chip carrier or directly on a circuit board in a 

standoff relationship by solder ball connections is provided. 

A mold is placed over the integrated circuit chip. The mold is 
constructed with an opening extending from the inside surface of the mold 
35 to the outside surface of the mold and at least one vent. External 

pressure is applied to the mold to seal the mold to the surface of the 
substrate to which the integrated circuit chip is attached. The mold is 
constructed so that there is a space between the inner surface of the mold 
and the integrated circuit chip. A metered volume of encapsulant material 

4 0 is dispensed through the opening into the space surrounding the integrated 

circuit chip and the space between the integrated circuit chip and the 
chip carrier or circuit board. The preferred encapsulant material 
comprises a high strength thermosetting one part epoxy containing about 
50% to 80% by weight of inorganic electrically non- conductive filler and 
45 has a viscosity at 25° C of about 250 Pascal - seconds measured using a 
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Brookfield viscometer, model HBT, with a CP- 52 cone head, at 2 rpm; 
although materials having viscosities in the range of about 10 to 1,000 
Pascal - seconds may also be used. 

5 After the required amount of encapsulant material is dispensed, the 

material is cured to form a bond between the integrated circuit chip and 
the chip carrier or circuit board and reinforce the solder ball 
connections . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. la is a longitudinal sectional view somewhat diagrammatic of an 
integrated circuit chip mounted on a chip carrier; 

15 FIG lb is a longitudinal sectional view somewhat diagrammatic of an 

integrated circuit chip mounted on a chip carrier of the ball grid array 
type; 

FIG Ic is a longitudinal sectional view somewhat diagrammatic of an 
20 integrated circuit chip mounted on a chip carrier of the ball grid array 

type ; and 

FIG. 2 is a longitudinal sectional view somewhat diagrammatic of an 
integrated circuit chip mounted on a substrate and covered by a mold ready 
25 to receive an encapsulant according to one embodiment of this invention. 

DETAILED DESCRIPTION 

Referring to FIG. la, an integrated circuit chip assembly, indicated 

3 0 generally at 12, is comprised of a chip carrier 14, having a remote 

surface 16 and a mounting surface 18, and an integrated circuit chip 20, 
having a remote surface 22 and an attachment surface 24. The integrated 
circuit chip 20 is mounted on the chip carrier 14 in a standoff 
relationship with the attachment surface 24 of the integrated circuit 

3 5 chip 2 0 facing the mounting surface 18 of the chip carrier 14, defining a 

space 28 between the attachment surface 24 of integrated circuit chip 2 0 
and the mounting surface 18 of the chip carrier 14. In a typical 
integrated circuit chip assembly, the height of the space 28 is about 
0.002 to 0.006 inches. The attachment surface 24 of the integrated 

40 circuit chip 2 0 has arranged thereon, a plurality of electrical contacts 

30, Each electrical contact 3 0 has a solder ball 3 2 attached thereto. 
The mounting surface 18 of the chip carrier 14 has arranged thereon, a 
plurality of electrical contacts 34, each of said electrical contacts 34 
arranged to correspond to a solder ball 32 on the attachment surface 24 of 

45 the integrated circuit chip 20. 
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The chip carrier 14 in one embodiment is comprised of a ceramic 
material, typically alumina having a coefficient of thermal expansion of 
about 6 ppm/'^C, The chip carrier can also be comprised of organic 
materials such as PTFE, polyimides, polytetraf luoroethylene, epoxies, 
5 triazines, bismaleimides , bismaleimides/triazines , and blends of these 

materials. These materials may be reinforced with either woven or non- 
woven inorganic or organic media such as glass or organic fibers. Such 
organic materials typically have coefficients of thermal expansion ranging 
from about 6 to 50 ppm/°C. The chip carrier has arranged about its 
10 perimeter, a plurality of electrical contacts 36. 

Each electrical contact 3 6 has attached thereto a wire lead 3 8 for 
interconnection between the chip carrier 14 and a circuit board, to which 
the integrated circuit chip assembly is to be attached. The chip carrier 

15 14 may also be of the ball grid array type as shown in Figs, lb and Ic, 

wherein rather than having edge leads, solder balls 37 having a diameter 
of about 0.020 to 0.030 inches are attached to the attachment surface 18 
or the remote surface 16 of the chip carrier 14, The integrated circuit 
chip 20 is typically comprised of monocrystalline silicon having a 

20 coefficient of thermal expansion of about 2 to 4 ppm/°C. Each solder ball 

32 is typically comprised of an electrically conductive metallic solder 
material. The integrated circuit chip 20 is attached to the chip carrier 
14 by solder reflow. During operation, the chip carrier 14 and the 
integrated circuit chip 20 are subjected to repeated cycles of heating and 

25 cooling. Because the chip carrier 14 and the integrated circuit chip 20 

have different coefficients of thermal expansion, they expand and contract 
at different rates. This results in thermal stress on the connections 
between the solder balls 32 and the electrical contacts 3 0 and 34, 
sometimes causing the interconnection between the chip carrier 14 and the 

30 integrated circuit chip 20 to weaken or even fracture. 

Referring to FIG. 2, in which the several elements are similar to 
like elements of FIG. 1, a mold 5 8 having an inside surface 6 0 and an 
outside surface 62 is placed over the integrated circuit chip 20 so that 

35 there is a space 7 0 between the inside surface 6 0 of the mold 5 8 and the 

remote surface 22 of the integrated circuit chip 20, and a void 64 
surrounding the integrated circuit chip 20. in a preferred embodiment, 
the mold 5 8 is comprised of metal or plastic. External pressure is 
applied to the outside surface 62 of the mold 5 8 to seal the mold 5 8 to 

40 the mounting surface 18 of the chip carrier 14. The mold 58 has at least 

one opening 26 extending from the inside surface 60 to the outside surface 
62 and at least one vent 66. An amount of the encapsulant 40 necessary 
to substantially fill the space 70, the void 64 and the space 28 is 
dispensed through the opening 26. The encapsulant 40 is forced into the 

45 space 70 and into the void 64 and under the integrated circuit chip 20 
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into the space 28. In a preferred eitibodiment , the encapsulant 40 
comprises Hysol FP-4323/ a high strength thermosetting one part epoxy 
containing about 5 0 - 7 0% by weight of a ceramic filler and has a 
viscosity at 25° C of about 25 0 Pascal -seconds measured using a Brookfield 
5 viscometer, model HBT, with a CP- 52 cone head, at 2 rpm, although 

encapsulants having viscosities in the range of about 10 to 1,000 Pascal- 
seconds can be used. The encapsulant 4 0 is dispensed through the opening 
26 using a dispensing apparatus indicated generally at 42. In the 
preferred embodiment, using an encapsulant 4 0 having a viscosity of about 

10 250 Pascal - seconds at 25° C, the dispensing apparatus 42 comprises an 

injection apparatus with a 0.02 0 inch diameter needle. A pressure of 
approximately 8 0 psi is required to inject the encapsulant 4 0 into the 
void 64 and the space 28. The encapsulant 40 is heated for about 2 hours 
at 16 0° C to cure the encapsulant 4 0 and form a bond between the 

15 integrated circuit chip 20 and the chip carrier 14 and reinforce the 

solder ball connections. The mold 58 can be removed prior to or after 
curing. This method may also be used to attach an integrated circuit chip 
directly to a circuit board. 
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CLAIMS 

1. A method for encapsulating and reinforcing the electrical 
interconnections of an integrated circuit chip assembly, comprising the 

5 steps of: 

providing a substrate having a remote surface and a mounting surface 
and an integrated circuit chip having an attachment surface and a remote 
surface; said attachment surface of said integrated circuit chip being 
10 attached to said mounting surface of said substrate in a standoff 

relationship thereby defining a space therebetween, said space having a 
height of about 0.0 02 to 0.00 6 inches; 

placing a mold over said integrated circuit chip, said mold having 
15 at least one opening extending from an inner surface of said mold to an 

outer surface of said mold and at least one vent, said inner surface of 
said mold facing said remote surface of said integrated circuit chip in a 
standoff relationship, thereby defining a void; 

20 applying pressure to said outer surface of said mold to seal said 

mold to said mounting surface of said substrate; 

providing a volume of an encapsulant necessary to substantially fill 
said space and said void, said encapsulant comprising a thermosetting 
25 polymer having a viscosity in the range of about 10 to 10 0 0 Pascal - seconds 

at dispense temperature; 

dispensing said volume of said encapsulant through at least one of 
said openings into said space; and 

30 

curing said encapsulant to form a bond between said substrate and 
said integrated circuit chip. 

2. The method of claim 1 wherein said attachment surface of said 
35 integrated circuit chip is attached to said mounting surface of said 

substrate using a plurality of solder balls connections. 

3 . The method of claim 2 wherein said substrate comprises a chip 
carrier . 

40 4. The method of claim 2 wherein said substrate comprises a circuit 

board. 



45 



5. An integrated circuit chip assembly produced according to the method 
of any of claims 1, 2, 3 and 4. 
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6. An integrated circuit chip assembly, comprising: 

an integrated circuit chip having a perimeter, an attachment surface 
and a remote surface, 

5 

a plurality of conductive contacts arranged on said attachment 
surface, each of said conductive contacts having a standoff connection 
attached thereto; 

10 a substrate having a mounting surface and a remote surface; 

a plurality of electrical contacts arranged on said mounting 
surface, each of said electrical contacts attached to one of said standoff 
connections ; 

15 

an encapsulant encasing said integrated circuit chip and covering a 
portion of said mounting surface beyond said perimeter, said encapsulant 
also disposed between said mounting surface and said attachment surface, 
encapsulating said standoff connections, said electrical contacts, and 
20 said conductive contacts. 

7. The integrated circuit chip assembly of claim 6 wherein said 
encapsulant comprises a high strength thermosetting polymer having a 
viscosity in the range of 10 to 1, 000 Pascal - seconds at dispense 

25 temperature. 

8. The integrated circuit chip assembly of claim 7 wherein said 
standoff connections comprise solder balls. 

30 9. The integrated circuit chip assembly of claim 8 wherein said 

substrate comprises a chip carrier. 

10. The integrated circuit chip assembly of claim 8 wherein said 
substrate comprises a circuit board. 



wo 99/00835 



1/1 



PCT/GB98/01730 




Fis. 2 



INTERNATIONAL SEARCH REPORT 



Int atonal Application No 

PCT/GB 98/01730 



ft. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01L21/56 H01L21/60 H01L23/31 H01L23/29 



According to International Patent Classification (I PC) or to both national classification and IPG 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 HOIL 



Documentation searched other than minimumdocumentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



S. HAN AND K. K. WANG: "Study on the 
pressurized underfill encapsulation of 
flip chips" 

IEEE TRANSACTIONS ON COMPONENTS, PACKAGING 

AND MANUFACTURING TECHNOLOGY. PART B: 

ADVANCED PACKAGING., 

vol. 20, no. 4, November 1997, NJ US, 

pages 434-442, XP002075500 

see page 434, right-hand column, paragraph 

2 - page 435, left-hand column, paragraph 

3 



1-10 



P,X 



WO 97 27624 A (CORNELL RES FOUNDATION 
31 July 1997 

see page 16, line 1 - page 17, line 1; 
figures 3,14 

-/-- 



INC) 



1-10 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" eariier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published phor to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of theinternationat search 



25 August 1998 



Date of mailing of the international search report 



07/09/1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni, 
Fax: (+31-70) 340-3016 



Authorized officer 



Munnix, S 



Fofm PCT/ISA/21 0 (second sheet) (July 1 992) 



page 1 of 2 



D^RNATIONAL SEARCH REPORT 



InU .ional Application No 

PCT/GB 98/01730 



C.(Continuation) DCXJUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication,wtiere appropriate, of the relevant passages 



Relevant to claim No. 



us 5 700 723 A (BARBER IVOR G) 23 December 
1997 

see the whole document 

WO 96 42106 A (MATSUSHITA ELECTRIC IND CO 
LTD) 27 December 1996 
see abstract; figure 1 

US 4 942 140 A (OOTSUKI HIDEAKI ET AL) 17 
July 1990 

see abstract; figure 3 



EP 0 528 171 A (IBM) 24 February 1993 
see page 3, line 12 - line 8 
see page 3, line 51 - page 6, line 36 
see figure 1 



US 4 615 741 A (KOBAYASHI AKIRA ET AL) 7 
October 1986 

see column 1, line 14 - line 28 

EP 0 775 716 A (KANEGAFUCHI CHEMICAL IND) 
28 May 1997 

see page 4, line 42 - line 47 

US 5 385 869 A (LIU JAY J ET AL) 31 

January 1995 

see abstract; figure 8 



1-10 



6-10 



2-4,7-10 
6 

2-4,7-10 
1,7 

1,7 

1-10 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Int .ional Application No 

PCT/GB 98/01730 



Patent document 
cited in search report 


Publication 
dat© 


Patent family 
member(s) 


Publication 
date 




A 
M 


31-07-1997 


|>IUIMil 








UO D / KJKJ / CO 


A 
M 


23-12-1997 


IP 

Jr 




A 
H 


06-03-1998 


WO 9642106 


A 


27-12-1996 


jp 


9064103 


A 


07-03-1997 










Du 1 o'tyo 


A 
M 


09-01-1997 








CM 


1 lODc.0 1 


A 


17-00-1998 








FP 


U / L.Hc.oy 


A 


31-07-1996 








F T 
r i 


07 


A 


09-02-1998 










y / OOoo 


A 


03-02-1998 








SE 


9704602 


A 


05-02-1998 








us 


5641996 


A 


24-06-1997 




A 


17-07-1990 


Jr 




L 


28-07-1995 








IP 


ou/ iU^O 


D 
D 


07-09-1994 








JP 


63237426 


A 


03-10-1988 








JP 


1943758 


C 


23-06-1995 








1 D 

Jr 


oU/ 1U^4 


D 
D 


07-09-1994 








IP 

Jr 


Ooco / He./ 


A 


03-10-1988 




A 


24-02-1993 


nF 
Ut 




pi 
u 


04-12-1997 








1 P 
Jr 




D 
D 


07-08-1996 








IP 
Jr 


C'5'301 on 
b^: Jy ittU 


A 

A 


17-09-1993 








us 


5471096 


A 


28-11-1995 


IK df\^^7A^ 


A 


07-10-1986 


1 p 

Jr 


i /ooy/io 




11-06-1993 








IP 
jr 


oU/OO/ U 


D 
D 


02-12-1991 








JP 


60210643 


A 


23-10-1985 








CA 


1255049 


A 


30-05-1989 








DE 


3443821 


A 


05-06-1985 








FR 


2555593 


A 


31-05-1985 








GB 


2151600 


A,B 


24-07-1985 


EP 0775716 


A 


28-05-1997 


JP 


8283692 


A 


29-10-1996 








JP 


8259695 


A 


08-10-1996 








WO 


9621693 


A 


18-07-1996 


US 5385869 


A 


31-01-1995 


NONE 











Form PCT/ISA/210 (patent family annex) (July 1992) 



